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The sliding β clamp subunit of the DNA replication machinery in the bacterium Escherichia coli 
coordinates multiple functions in the cell beyond genome duplication. In this issue, Parks et al. 
(2009) find that the β clamp interacts with the transposition protein TnsE to target the Tn7 trans-
poson to discontinuously replicating DNA at the replication fork.The bacterial replisome, a molecular 
machine originally thought to be solely 
dedicated to the efficient duplication of 
the prokaryotic genome, is now known 
to harbor many protein subunits that are 
intimately involved in the maintenance 
of genome organization and integrity. 
Indeed, the replisome is proving to be a 
scaffold that integrates DNA replication 
with processes such as DNA recombina-
tion, DNA repair, segregation of newly rep-
licated DNA into dividing daughter cells, 
and cell-cycle progression. A protein that 
plays a pivotal role in integrating these pro-
cesses within the replisome is the sliding 
β clamp, a replication processivity factor. 
The β clamp acts as a binding platform 
for the replicative polymerase Pol III and a 
diverse range of other proteins, including 
those involved in DNA repair and replica-
tion initiation (see Kongsuwan et al., 2006). 
In this issue of Cell, Parks et al. (2009) 
show that the β clamp has yet another 
function in DNA metabolism—it can be 
co-opted to target the bacterial Tn7 trans-
poson, a mobile DNA element, to replicat-
ing DNA. The authors demonstrate that a 
direct interaction between the β clamp and 
a transposition protein called TnsE allows 
Tn7 to insert into DNA at replication forks.Transposition of Tn7 (Craig, 2002) is 
regulated by a complex series of protein-
protein and protein-DNA interactions. 
The transposon encodes five proteins—
TnsA, B, C, D, and E—required for trans-
position. Unlike most other transposons, 
the Tn7 transposase is composed of two 
proteins (TnsA and TnsB) that each cata-
lyze the cleavage of one DNA strand at 
both ends of the transposon in the donor 
DNA molecule to liberate the mobile DNA 
element (Figure 1). TnsC, a DNA-depen-
dent ATPase, helps to recruit the target 
DNA and forms a crucial bridge between 
the donor and target sites of transpo-
sition. Remarkably, Tn7 has multiple 
transposition targeting pathways whose 
choice is determined by the specificity 
factors TnsD and TnsE (Figure 1). In the 
TnsABC+D pathway, TnsD recognizes a 
sequence in the glmS gene (highly con-
served in many bacteria) and directs Tn7 
insertion into an upstream extragenic 
site, thereby preserving the integrity 
of the glmS coding sequence and pro-
viding a safe haven for the transposon. 
In the alternative TnsABC+E pathway, 
Tn7 insertion occurs preferentially (and 
largely in one orientation) into plasmids 
during their replicative transfer between Cell 13bacteria (conjugation), thus promoting 
transposon proliferation between dif-
ferent bacterial species. This targeting 
preference is a consequence of a spe-
cialized mechanism of plasmid DNA 
replication (rolling circle replication) that 
occurs during conjugation. TnsE recog-
nizes characteristics of the rolling circle 
replication that occurs on the discontin-
uous or lagging DNA strand (a particu-
larly prevalent feature of conjugative rep-
lication) and preferentially binds to DNA 
structures with recessed 3′ ends (Peters 
and Craig, 2001a). The TnsABC+E alter-
native transposition pathway also directs 
Tn7 insertion into replication termination 
regions and DNA breaks (Craig, 2002). 
Interestingly, a TnsC mutant protein 
called C* eliminates the need for speci-
ficity factors and results in random Tn7 
insertion in vivo and in vitro.
To investigate the mechanism that allows 
Tn7 to target replicating DNA for insertion, 
Parks et al. compared TnsE proteins from 
a number of Tn7 family transposons and 
identified a conserved motif resembling 
consensus sequences that are implicated 
in mediating β clamp binding (Wijffels et al., 
2004). Assays that detect protein-protein 
interactions, including yeast two-hybrid 8, August 21, 2009 ©2009 Elsevier Inc. 621
analysis, protein mobility shift, 
and far-western, all point to 
a direct interaction between 
TnsE and the β clamp. Disrup-
tion of the putative β clamp 
binding motif in TnsE (by 
replacing single amino acids 
with alanines) weakens the 
interaction between the two 
proteins, supporting the idea 
that the motif mediates bind-
ing between TnsE and the β 
clamp. These single-site TnsE 
mutant proteins also reduce 
transposition activity through 
the TnsABC+E pathway in vivo. 
Moreover, artificially increasing 
β clamp expression moder-
ately increases TnsE- but not 
TnsD-mediated transposition. 
Interestingly, in vitro analysis 
of binding affinity by surface 
plasmon resonance shows that 
TnsE binds to the β clamp with 
much lower affinity than that 
exhibited by another β clamp 
binding partner, the clamp 
loader subunit δ.
The authors also create a 
system to reconstitute TnsE-
mediated transposition in vitro 
using a target plasmid with or 
without a 20 nucleotide sin-
gle-stranded gap. Using this 
system, they show that unlike 
the TnsABC* pathway, the 
TnsABC+E pathway requires 
a single-stranded gap in the 
target plasmid and a hyper-
active TnsE mutant protein 
for transposition. The result-
ing transposon insertions 
occur at random sites. Although there 
is no obvious increase in the transposi-
tion efficiency through the TnsABC+E 
pathway when the gap-containing target 
plasmid is preloaded with the β clamp, 
the resulting transposon insertions show 
a dramatically different profile: 80% 
insert in the same orientation, and 40% 
insert at 66 bp from the 3′ end of the gap. 
Because Tn7 is a double-stranded trans-
poson, insertion requires transfer of both 
strands into the target DNA. This type 
of insertion profile implies that interac-
tion of TnsE with the β clamp orients the 
transpososome (Figure 1). Furthermore, 
it suggests that the insertion of Tn7 into 
extant replication forks may occur opti-
mally in double-stranded DNA at 66 bp 
from the 3′ end of an Okazaki fragment 
targeted by the β clamp, presumably 
because of constraints in the replisome 
architecture. Parks et al. also propose 
that TnsE overexpression might inter-
fere with fork progression by compet-
ing with other proteins for the β clamp. 
Persistently blocked replication forks 
are known to result in the induction of 
the SOS DNA damage stress response. 
Parks and colleagues observe that TnsE 
can indeed induce the SOS response, 
albeit only when it is very highly over-
expressed. This effect of TnsE overex-
pression is reduced by point 
mutations in the putative β 
clamp recognition motif of 
TnsE.
Tn7 is indeed proving to 
be much “smarter than we 
thought” (Peters and Craig, 
2001b), but how smart are 
other transposons? Although 
Tn7 has a complex system for 
transposition, other simpler 
transposons may also have 
adopted a strategy of specific 
interactions with components 
of the DNA replication appara-
tus. For example, similar to Tn7, 
the mobile insertion sequence 
IS903 shows a strong orienta-
tion bias in a conjugative plas-
mid target (Hu and Derbyshire, 
1998). Another potential candi-
date is a newly identified type 
of transposable element that 
uses single-stranded inter-
mediates for both excision 
and integration (Guynet et al., 
2008). As one source of single-
stranded DNA is the lagging-
strand template during DNA 
replication, it seems possible 
that these mobile elements too 
might target replication forks, 
perhaps using a similar mech-
anism as Tn7 (although they 
clearly use a different mecha-
nism for integration). Interest-
ingly, several other mobile DNA 
elements, including IS1 and 
Tn10, also can induce the SOS 
response (Lane et al., 1994; 
Haniford et al., 1989). This had 
been interpreted as reflecting 
adventitious DNA cleavage by the trans-
posase, but in light of the findings of Parks 
et al. regarding Tn7, the possibility that 
this response may result from persistent 
replication fork arrest due to transposition 
should be revisited.
It has often been argued that the trans-
position activity of mobile genetic ele-
ments must be tightly regulated because 
of their potential for damaging the host 
genome. Indeed, transposons have pro-
vided many examples of shrewd regulatory 
mechanisms. The choice of target sites for 
insertion is another example. By linking 
transposition to replication fork progres-
sion, Parks et al. now introduce an excit-
figure 1. Pathways of Tn7 Transposition
The Tn7 transposon is flanked by left (L) and right (R) DNA sequences (red) 
that carry multiple binding sites for the TnsB endonuclease. Each end car-
ries a different pattern of TnsB binding sites, reflecting poorly understood 
functional differences between the two regions. In the TnsABC+D pathway of 
transposition, Tn7 is targeted to a region upstream of the glmS gene. The final 
transpososome is a nucleoprotein complex that includes L and R, the glmS 
target DNA sequence attTn7, the bimolecular transposase TnsA and TnsB, 
the ATPase TnsC, and the specificity factor TnsD. The coordinates indicate 
the upstream (−) or downstream (+) distances from the site of Tn7 insertion. In 
the TnsABC+E pathway of transposition, Tn7 is directed to the lagging strand 
of newly synthesized DNA at the replication fork. In E. coli, replisome proteins 
at the replication fork include the DnaB helicase, the lagging-strand primase 
DnaG, the catalytic replicase subunit DnaE, the clamp loader complex, and 
the β clamp. Parks et al. (2009) now show that TnsE interacts directly with the 
β clamp to enable transposon insertion at the lagging strand, possibly at the 
3′ end of the Okazaki fragment.622 Cell 138, August 21, 2009 ©2009 Elsevier Inc.
ing new angle to transposon regulation. 
The relatively low TnsE binding affinity for 
the β clamp suggests that it has evolved to 
use the replication factor but not to appro-
priate it entirely at the expense of other β 
clamp binding partners and functions. In 
the wake of the new findings of Parks et al., 
it is now important to determine how such 
interactions between transposon proteins 
and the replication machinery occur, how 
they are temporally integrated into DNA 
replication and other processes coordi-
nated by the β clamp, and whether other 
host proteins are also required.Although tumor metastases are the cause 
of death in more than 80% of human can-
cer patients, the molecular mechanisms 
underpinning metastasis are still poorly 
understood. However, one theme that has 
emerged from recent work is that metas-
tasis involves defects in the molecular 
machines responsible for epithelial polar-
ity and hence for the epithelial-to-mes-
enchymal transition (EMT) (Kalluri and 
Weinberg, 2009). Epithelial cell polarity is 
established by multiple cellular processes, 
including polarized trafficking of cytoskel-
etal and plasma membrane proteins, the 
maintenance of a diffusion barrier (tight 
junctions) (Humbert et al., 2008), and a 
3D organization machinery that integrates 
extracellular information from receptors, 
adhesion proteins, and neighboring cells 
(Tanos and Rodriguez-Boulan, 2008). 
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EMT can result from altered regulation of 
many different signaling pathways, tran-
scription factors, chromatin regulators, 
and proteins involved in cell adhesion and 
polarity (Kalluri and Weinberg, 2009; Tanos 
and Rodriguez-Boulan, 2008). Indeed, the 
list of oncogenes and tumor suppressors 
that modulate cell polarity is long and 
growing (Humbert et al., 2008; Tanos and 
Rodriguez-Boulan, 2008). In recent work, 
it has been shown that epithelial stem cells 
may undergo EMT and that EMT induction 
endows epithelial cells with salient fea-
tures of stem cells. These cells can also 
exhibit properties of cancer stem cells 
upon overexpression of oncogenic Ras 
(Mani et al., 2008). In their current work, 
published in this issue of Cell, Gupta et al. 
(2009) use these newly discovered attri-
butes of mammary epithelial cells (that is, 
induction of EMT and stem cell features by 
stem cells: era
herapy?
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defined genetic alterations) to establish a 
high-throughput screen for compounds 
that selectively target cancer stem cells.
Gupta et al. use telomerase-immortal-
ized human mammary epithelial (HMLE) 
cells, in which knockdown of E-cadherin 
by RNA interference promotes EMT and 
the acquisition of features typical of can-
cer stem cells, including high levels of 
CD44, low levels of CD24, and the capac-
ity to form mammospheres (Figure 1). 
Cells depleted of E-cadherin also show 
increased resistance to several estab-
lished tumor chemotherapeutics. In this 
respect, they resemble human breast 
carcinoma stem cells that contribute to 
tumor relapse in vivo. Gupta et al. estab-
lish that these cells are ideally suited for a 
high-throughput, cellular screen for com-
pounds that selectively eliminate cancer 
stem cells (Figure 1). The most extensively 
dication by 
a loss of polarity leading to an 
se this attribute of cancer stem 
identifies small molecules that 
tion of differentiation.
